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'^RAxXOjT^j a, corpor- 



ordinaxily taB no usefnlneaa^ In fact, it 
reduces ihe ^&(n.exicy of the transixiissiorL 




tricai 

paxtioulorly relates zo ^ 
15 selector £or sep3irait£ai«f two waves trftvei- 
lias ^ opposite directions iu a wave 
"fuide^ coa:ciaI or poralM -wire tnuDi»^ 
mission Lbxe, 

Xn tmiirfmisBion engizieermgf znuclx n«e 
20 is made of tlie concept of incident and 
rcAcntcd wuv«8. Tlieae two waves cun 
esdi»t wKenever energy is being trans~ 
- mitted from a g^^^^tor to a losid over a 
t-raneanisssiou system ivliicli may be a wave 
25 guide or a coaxial cable or a two^wire 
ti*aiisnii.ssioii line. 

Tlie ui(;ideiit wave is a radio wiive 
wIucIl travels along tJie transmission 
syatexn from tlie generator to ike load> 
30 U2xd in so doing carries ener^ towards 
iOie load, Tlie rejected wave 18 a similar 
radio wave wIucIl travels from I3ie load 
towards tlie generator^ and in so domg 
carries energy badk towards th.e gene- 
35 rator. Thus the enei^^ which is (^uied 
towards tlie loo^d by- tb.e incident wave is 
divided iato'two parts at tlie load. One 
Ijart is absorbed by the load and the other 
pari is reflected back towards the gene- 
40 rator and coxtatitntes the reflected wave. 
The energy which is absorbed by -the 
load is HBeful energy since the load per- 
forms some nsefiil function such as 
radiation of the energy towards a receiv- 
45 ing fitation^ ^ On the otber liand, the 
energy which is reflected back towards 
the generator in the transmission system 
[Pnofi 2/-) 



i^^ihe'metal of tne^JS?3^^<^>/?a5j 750 p/-^, 
XhiiSy if the reflected wav-e is ox » ^ 
magnitude which is appreciable com- 60 
pared to the ineidesat wave^ ez±r& ^ower 
losses will occur in the transmission 
system and tha cfBLmciLoy of traxLsmission 
will be lowered. 

'The amount of reflection which will 70 
occur at the load can be expressed rn 
terms of the impedance of the load as 
cominued to the ^anicteristic impedance 
of the truiu»misfiiojui system- If these are 
equals there will be no re&eoiion azid 75 
thus uo reflected wave* If they are un- 
eqnal, the amoimt of .reflection^ as well 
as the change in phase angle as a result 
of reflection, will depend on the oomplex 
ratio of the load impedance to the char- so 
ac teri stio impedance* 

When an incident and a reflected wave 
are both tzaveUbog in a transmisSon 
system, it is found that thejr interfere 
with one another. At each position along iS& 
tlie tmTiwmiflgipn syftom the amnlitnde of 
the fleld strength will have a value which 
is difl^er«t mm. ihe value of tiUe ampli-* 
tude of the fi^eld sisrength at a nearby 
position slightly d&placed along the 911- 
traoasmission eyatem. QZhia variation is 
periodic alon^ -(Jib transmission system, 
having a period of a half wave length, 
(the wave length being that in the trans. 
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Wc, Phxlco CoaPOitAXioiT, a oorpor- 
ation organised toidor the laws of tlie 
State of Pennsylvania, United States of 
America, of Tioga and C Streets, Pliila- 
5 delpMa, Pennsylvania, United States^o£ 
America, do hereby declare the nature 
of this invention and in what manner 
the same ib to be performed^ to be pox- 
tioularly described and ascertained 
and by the following statement: — 

This invaxtion relates to a novel wave 
selector in an nltra^high frequency elec- 
tricel transmission system, and more 
particularly relates to a novel wave 
1 B selector for separating two waves travd- 
lin£p in opposite direction^ in^ a wave 
gtiide, coaxial or parallel wire traxis- 
mission line. 

In transmission en^ineerixig' much use 
20 is made of the concept of incident end 
reflected waves. These two waves can 
exist wlien-ever energy is being trans- 
-mitted from a generator to a load over a 
transmission systejn which may be a wave 
2d guide or a coaxial cable or a two-wire 
transmission line. 

The incident wave is a radio wave 
which travels along the transniission 
system from the generator to the load, 
and in so doing carries ener§ry towards 
the load. The reflected wave is a similar 
radio wave which travels from the load 
towards the generator, and in so doin^ 
carries energy back towards the gene- 
35 rator. Thus the energy which is caasried 
towards the load by the incident wave ifl 
divided into two pajts at the load. One 
Xjart is absorbed by the load and the other 
part is reflected back towards the g^e* 
rator and constitutes the reflected wave- 

The energy which is absorbed by the 
load is useful energy since the load per- 
forms some useful function such aa 
radiation of the energy towards a receiv- 
45 iug station, - On the other hand, the 
energy which is reflected back towardi^ 
the generator in the transmission system 



30 



40 



ordinarily has no useftilness. In £act^ it 
reduces the efficiency of the transnnsBioii 
system by reason of losses which .acoom- 6(> * 
pany the transfer of energy over a trazi&- 
nusaion system. 

Moreover, the presence of a reflected 
wave reardts not only in energy loss in 
transmitting the reflected energy back to 56- 
the ^enerator^ but there is estra loss in 
the incident wave since ^ it must carry 
not only the energy which is to be 
delivered to the load but ajso the energy 
which is to be reflected. - This ezEa (Hi 
energy carried by the incipient wave 
resuJtB in additional eSL&xgj iosa in heat- 
ing the metal of the transmission ^^tem. 

Thusj if -^e reflected wave is of a 
magnitude which is appreciable com- €5 
pared to the incidmt wave, ^ctra power 
losses will occur in the transmission 
system and the efficiency of transmission 
will be lowered". 

The amount of reflection which will TO 
occxir at the load can be expressed in 
terms of the impedance of the load as 
compared to the cSiaracteristic impedance 
of the transmission ^stem. If these are 
equal, there will be no reflection and 75 
thus no reflected wave. If they are un- 
eq^nal, the amomit of reflection, as well 
OS the change in phase angle as a result 
of reflection, will depend on the complex 
ratio of the load impedance to the chaT- sO 
ac teri stic impedance. 

"When an incident and a reflected wave 
are both travelling' in. a transmissiaa 
system^ it is found that thejr interf eare 
tTith (me anotiier. At each positum alon|r i56' 
the transmission system the amplitude of 
the Aeld strength wiU have a Tolne which 
ia different from the value of the ampli- 
tude of the flejd strength at a nearby 
position sHg-htly displaced along the QiV 
transmission system. This variatioa is 
periodic alon^ the transxnission ey^ctn, 
having a period of a half wave length, 
(the wave length being that in the trano*. 
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misaion systeiiL bein^ considered) uxd 
formizLg a standing- iTave pattern along 
the ■tranamiBsion system. 
. vTfii&--jpQttei*n has oi^y a small vazia'&)n' 
5 from the minimum field length to the 
maximum £eld strength if the Incident 
wove is much stronger than' the reflected 
wave. Hoxrever, ir£en the reflected wave 
IB jilmost equal io the inoident wave, the 
10 ratio hetween moxim'um field length 
and TniniTniiTn field Brtrength becomes 
quite large and* a high standing "wave 
ratio is said to eadst. 

If thifi standing -wn.ve ratio can be 
16 m&asTLred, the reflectian factor can be 
calculated and^ the energy travalliag in 
the two directiona in the transmission 
system can he determizied.. 

It has been common practice to 
20 measnre the standing T^av© xaiao with a 
device called a " slotted section." In 
this device,, a. slot is cnt in the wall of 
the transmission system at an appropriate 
iocaiion in regard to the croBs-section of 
26 the system. This slot extends along the 
transmission system for a t/ave length 
or so. Projecting into the trazismiBsIon 
system throngh this slot, there is a. pick* 
up antenaa or loop which is conne«rted to 
30 a detecting and indicating device such as 
a crystal detector and microammeter con- 
nected in series. Thia piobe ia so 
mounted that it can be «lid along Hhe 
slot, so it can explore the vwiations in 
36 field strength \^hich. axe the standing 
waTes in the transmission sysftem. From 
the reading of the indicating meter, the 
maximnm and minimum field stnsngths 
can be measnrad and from these flgnres 
4D the anwunt of po^er in the incident and 
reflected' waves can be calcnlated. • 

This type of measming device t^a 
satisfactory as a laboratory tool in the 
. early development of such systems. How- 
45 ever, a need has arisen for a simple 
measuring device which, would indicate 
the incident and reflected powers with- 
out the necessity of any snhstantial 
calculations. 
60 In accordance with -the invention, a 
novel .wave selector lias been developed 
whjch provides suet a measuring device 
which IS operative over a -wide band of 
frequencies symmetiicaUy located with 
D6 reference to a central design frequency. 
In. snbstnnce, it comprises an an:sdliaiy 
transmission ^stexn placed* parallel to 
the main transmission system for a short 
distance. These two sylfcems ore coupled 
60 together pt it plnralitjr of points sxi, ^cSi, 
J^^^er thot the magnitude in -terms of 
field strength of the conpling afforded at 
the *sncceft.5iTe points is related in accord- 
ance with the relation of the snccessxve 
65 <:oei£cients of the expansion of (cb-hb)^ 



wlierein n is one lees tlian the- nnmber of 
points of coupling'. Over the operating 
band of frequencies some of the incident 
. ware energy in* the main tran^Emission 
system leaks thzoogh the coupling into 70 
the auxiliary system and induces a wave 
having a predetermined direction. This 
wave energy induced at any one of the 
coupling pointe is in pliase witK" the 
wave energy induced at aiiy of the other 75 
coupling points» 

On tKe otiier hand^ any wave energy 
induced in the auxiliary system by the 
incident wave energy tiirough. any one 
of the coupling points and hacving a -direo- 80 
tion of travel opjposite from the predeter- 
mined directian is 180* out of phase with 
the induced wave onergy in "any o-Uier 
of the coupling points and having ihis 
same opposite direction of travel, i'herc- 86 
fore, wave energy in this opx>08it6 direc- 
tion balances ont to zero and only the 
wave enexgy having a predetermined 
direction corresponding to ike incident 
wave whidi induced* it, flows in the 90 
anxiliary system. 

Likewise, some of the reflected wave 
energy leaks through tho same oonpling, 
enters the auxUiazy ^y^enxL, and con- 
tinnes to travel in primarily its original 95 
direction. Thus in the auxiliary eySem, 
two waves travel awaj from the coup- 
Img in opposite direciiona without inter- 
ference. One is proportional to the 
incident wave , in th& main transmission 100 
tsystem and the other is proportional to 
the reflected wave in tiie main trans- 
mission system. 

Thus, incident and reflected waves 
are separated in the ansdHary guide so 105 
that th.ey can be individually measTired. 
In order to -do this, it ia necessary that 
at each end of the ansiliary guide the 
crystal detector or oth«r mea&nring 
device shall be matched in impedance to 110 
the^ characteristic impedance of the 
auadliary transmission system so that 
there will be no reflections within this 
system itself. 

The most important part of a-, wave 115 
selector i^ the coupling between the main 
trajLsmission system and the auxiKary 
transmission system. If this coupling is 
not properly designed, -the separation of 
the two -waves in the auxiliary tranB- 120 
mission system will not be complete^ and 
the device as a whole will have little or 
no usefulness. This becomes more and 
more important as the ratio of reflected 
to. incident wave heco^mes small, because 125 
then even, a small amount of the incident 
TOve energy, travelling in the wrong 
direction in .the auxiliary, guide will be 
interpreted as an indication of a reflected 
wave in the main transmission system, 130 
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and thus there may he a large error in 
the meaffareiaent of the reflected wave 
energy* 

Wa^e selectors work perfectly ■ only at 
5 one frequency; that is, there ifi only one 
frequency at which th-e eeperation of the 
incident and reflected waves is complete. 
If the frequeacy is different faom this 
frequency, the separation of incident and 

10 reflected waves wiU not he complete, and 
the indications will he in error. This is 
particulai'ly true of the indication of a 
small reflected wave measured in the 
presence of a large incident wave, 

15 The hand width of a wave selector may 
bo described qs the amount the frequency 
may be raised or lowered away from the 
frequency of perfect operation before the 
error exceeds a specinod amount. I*or 

20 general use it is desirable that a wave 
selector have as hroad a band width as 
possible. 

The improved wave selector described 
below has features which improve this 
25 -characteristic and makes our wave 
selector broad band. 

Accordingly objects of th^ invention 
ure : — ^the provision of a novel measur- 
ing inBtrnment for determining the ratio 
of the reflected to the incident &igT3ial ;^ to 
provide a novel wave seleotor in which 
the incident and reflected waves travel to 
and operate individual meters; and to 
provide a novel wave selector having a 
-85 relatively broad band characteris^c for 
any application requiriiLg separation of 
two waves travelling in opposite direc- 
tions in a transmission ^stem. 

Other objects of the invention will 
40 becom-e obvious from a detailed descrip- 
tion which follows in c6nnecti{»n with the 
drawings in which 

Figure 1 ahows a wave selector syst^ 
employing one method of coupling in 
46 accordance with the invention. 

Figure 2 shows two wav-e guides or 
transmiBsion systems in which the coup- 
ling between the two wav«^ systems is 
effected by a pair of holes. 
61) Figure S is anothar view of the^ same 
coupling plan, but iJie coupling units are 
shown as two pairs of holes» totalling 
foxir holes. 

Figure 4 shows a couplizLg system 
55 using five holes. 

Figure 5 shows a conplin^ fl^Btem 
using four holes. 

- In Figure 2 is illustrated the principle 
of the invention. This shows^a plan view 
60 of the junction between the two wave 
fpx^'das, a main wave j^iid^^ 86 and a 
secondary wave guide 36, In thi& junc- 
tion there are two apertures 31 and 32. 
These apertures 31 and 33 are placed a 
65 qiuirt^r of « wave length apart, the wave 



length being that measured in the two 
wave guides. Energy from the mairt 
wave guide is radiated into the auxiliary 
wave gTiide through each of these aper- 
ture. If there is only an incident wave 10 
in the main wave guide, the energy ladi- 
ated into the auxiliary wave guide 
through aperture 31 is 90"** ahead in 
phase of the energy radiated through 
aperture 82. ' . . 

The energy radiated into the-axmliary 
wave guide ikrongh aperture Bl pro- 
pagates in both directions from the 
auxiliary wave giiide. Ijakewise the. 
energy radiated tirough aperture 32 pro- 80 
p agates in both directions down the main 
wave guide. In the direction left to 
ri^ht which is the same direction as was 
the pri^rinal wave in the main, wave 
guide, these two waves reinforce each 85 
other. 

However, in the reverse direction, 
that is, the direction opposite to that in 
which the energy waa flowing" in the main 
wave ^ruide, flb.c two waves in the 00 
auxiliary wave guide cancel each other. 
This arises from the placing of these two 
apertures in the tw^iti wave guide- 
au3tiliary wave guide bonndary, a quarter 
wave length apart and may be es^plained* 9& 
as folio we: 

The signal which comas through the 
left hand aperture 81 spreads both ways 
down the secondary wave guide. The 
part which travels to the right reaches 10^ 
the right hand aperture 3^ a quaxter of 
a cycle later, since the aperture 32 is a 
quarter of a wave length away from aper- 
ture 3l. Thia is just the length of time 
it takes the incident wave to travel from 
the left hand aperture 31 to the riffht 
hand aperture 32 in the main wave 
guide. Thus i^e signal thai; leaks 
through the second aperture 32 and. 
travels to the right is in phase with the 110 
signal which leaked through the left 
hand aperture 31 and travelled to the 
right. 

Sowever^ the aignal which leaks 
through the right hand aperture 32 and 115 
travels to the left is ISO* out of phase ^ 
with the 'signal which leak^ thorough the 
left hand aperture 31 > !Iliis is because 
the signal must travaL in wave guide 35 
as part of the in<ndent wave from thel2Q 
left hand aperture to the right hand 
aperture, and must then return in ihe 
auxiliary wave guide 36 from the right 
hand aperture to the left liand aperture. 
This is a distance equivalent to a phase 126 
change of half a wave lengtji plus the 
phase shift in aperture S3 whereas the 
signal coming through the left hand 
aperture has to travel a distance equiva- 
lent to just the phase shift in aperture 130 
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31. TKij lialf-Tvave length, difference be- 
tween the two equivalent distances oanflss 
the signaJs to be out oi phase by 180" 
and thus in the direction right to left, 
5 the' signal's cancel' in the auxiliary guide 
36. • , ^ 

Thus in the reverse direction there ie 
no propagation in* the secondaiy wave 
guide. At the right eaod* 37 of the 

10 secondary wave guide 86 a suitable 
measiiniig device, such as an autobohH 
meter or other coxLvenient xneaeuruig 
device, is used for meaaimng' tiie 
received energy. This measuring device 

I& preferably matches ihe. impedance of the 
secondary wave guide and th'us prevents 
any reflected wave uL^ein, 

If the_ wave in the niaizL wave guide 
were' travelling feim' right to left, the 

OQ same action would occur but in the 're- 

^ verse direction. That is, the two waves 
rudiated through th^ irwo apet^nireB 
would propagate from riglit to left in 
the auxiliary wave guide^ beicause they 

25 would add in this direction; but .in the 
other direction from left to right in the 
auxiliary wiive guide^ they would cancel 
one 'another, and therefore there would 
be no propagation in this direction, 

3Q At the left end 38 of the secondary 
wave guide 36 » a suitable measmring 
device,, such as an autobolometer or other 
convenient measuring device, is used for 
measuring the received energy^ TUa 

35 measuring device preferably matches the 
impedance of the secondary wave guide 
ana tin's pi-events any r^ected wave 
thereinZ 

If -tile main wave guide were carrying 

40 both an incident and a reflected wave, 
these two actions described above would 
be superiniposed one upon the other with 
the result that in the auxiliary wave 
guide, the wave travelling tpwazds the 

45 right away from the pair of apertures 
would be proportional only to incident 
wave in the main wave guide, and the 
wave propagating' towards, the left in £he 
aiirciliary wave guide would be propor- 

50 tional only to the reilected wave in the 
main wave guide. 

Meas;ureinents are thus obtained pro- 
portional "to the incident wave trave^Hn^r 
in the main wave grdda and proportional 

56 the reflected . wave travelling in the 
main wave guide. 

Suclx a j^ystem yields perfect cancel- 
l.-itibn and addition at one frequency 
only, and tends to be a narrow band 

60 device. Thus, for a 1% change in fre- 
quency from the frequency at which the 
apertorefl , 31 'and 32 are exactly a 
quarter of a wave length apart, the volt- 
ajjes of the signal in the negative direCr 

66 tion rise from zero to* 3,1% of the volt^ 



age in the positive direction. This may 
cause a very considerable error in the 
determination of the reflected wa^veif- the 
reflected wave is aznall ccmLpared- to the. 
incident wave* . 70 

In order to increase" "the band width, 
an identical pair of coupling elements 
may be placed an odd number of quarter 
waves length, awa^r from the flrst pair. 
This is shown in Figure 3. The first pair 76 
of apertores, 31 and 32^ are placed a 
quarter of a wave length apart. A second 
pair of holes, 33 and- 34, are placed ajso 
a quartei' wave length apart. These holes 
are placed to couple the main and 80 
secondorv wave guides 39 and 40. Wa.Te 
guide 40 is provided with suitable 
measuring devices at 41 and 42 match- 
ing the impedance of the secondary wave 
guide. 40. 85 

The distance between holes 31 and 33 
la an odd number of quarter waves 
length. £ac];i of these pairs will indepen- 
dently give perfect cancellation in the 
negative direction at the frequency at 90 
wMch the spacing between them is 
exactly a. quarter wave length. 

XCowever^ when the operating fre- 
quency is slightly difiereut from the 
design frequency, there will Be a signal 85 
in the negative, direction from the pair 
81 — 32, and there will also bo a similar 
signal in the negative direction from the 
pair 33 and 34. However thes^ pairs are 
then, in themselves very nearly an odd 100 
number of quarter waves length apart at 
the new frequency. Consequently there 
will be a subGtantial cancellation be- 
tween the energies being propagated in 
the" negative dijrection from the -t^o pairs 105 
of holes. This cancellation will of course 
not be perfect since the pairs are not 
exactly a quarter waves length apart at 
a frequency other than the designed fre- . 
quency. ^ jjq 

However^, if each of the wav-es in the 
negative direction from each pair of 
holes was a cancellation of 97% of 
these 8% .waves would be effected, and 
conse<juently the net result would'^e a 115 
wave in the negative direction of approxi- 
mately 3% of a% which mates approxi- 
mately ijflQ of a percent, of energy 
being transmitted in the. negative or 
wrong dir-ection. Thus this .would con- 12O 
aiderably improve the operation of the 
systein, ... ' 

In order to inake this system as wide 
band as possible it ia dsOTable to mahe . 

thel distanpe between tJ^e" two pairs of 126 
Eole^ as small as .possible. The smallest 
possible such distondes would be a 
guarter waves length. This would result 
in hole 33 being superimposed on hole 
32. This means that the combined hole 130 
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would of necessity liave to be lar^ger than 
either of "the other holes, Snch. an 
arrangement is shown, in Figivee 1. HoIa 
23 18 now a hol^ corresponding in fono 
5 tiflix to hole 81. I/ikewise hole 26 is a 
hole Tvliieh correspotnds in function to 
hole 34. Hole 27 is one which acta as 
the addition ol hole 32 and hole Its 
coupling efiect is twice as large as the 
10 coupling efifect of either hole 23 or hole 
26. Then it can be looked upon as a f otit 
dement system xn which the two middle 
elements coincide. 
In this figure a^ain^ the main wave 
16 guide 21 carries energy from a ^nerator 
at the left to a load at the xight. Ab 
-wiU now be clear, the tno of holes 23, 
26 and 27 are eBpe<^ally placed and are 
so arranged that an incident wave tcayel- 
20 ling &om left to right in the main wave 
gtdde will induce a wave travelliag from 
left to right in the auxiliary wave guide. 
This wave will «iLd in t^mination 24, 
and since this termination may be sub^ 
26 stantially perfectly matched to the 
auxiliary wave guide* there will be no 
reflections from it. liiewiea, the re- 
flected wave travelling from right to left 
in ih.e mala wave guide will induce a 
30 wave travelling from right to left in iihe 
auxiliary wave guide. This wave will 
end in termination 25 and siace this 
termination may be eubstantially per-* 
f ectly matched to the transmission char^ 
35 acteristic impedance^ of the a axili ary 
wave guide, there wijl be no reflections 
from termination 25. Thus the enerffy 
received by 24 will be yroportional to the 
incident wave traveUmg in the main 
40 wave guide, and the energy received by 
26 wiU be proportional to the reflected' 
■wave travelling in the main wave guide. 

In order to further improve the band 
width, another four element system de- 
45 generated into a three element system 
may be introduced an odd number of 
quarter waives length away from^ the 
original three element syrtem. Again the 
sets of holes of this new system should 
50" be preferably at the minimum numb^ 
of odd quarter waves length displaced 
from each other. The net result is the 
four hole system of Kgure &, in which 
the signal transmitted by the wcc^ave 
55 holes are in the ratio 1—8 — ^— 1. That 
16. hole 51 will catuse of certain amount 
of signal (expressed in terms of fleld 
strength and not in terms of power) to 
leat from the main w a ve guide into the 
60 auxiliary vave gnide 56. Hole 52^ -will 
cause three times this amount of siOTal 
to leat into ihe auxiliary wave gmde. 
Hole 53 will again excite three timea the 
amount of signal in the auxiliary wave 
65 guide that hole 61 caused; and hole 54 



causes the same ^gnal in wave guide -56 
that' hole 51 caus^. Such a system will 
have still a broader band width, than .will 
the system of S'ie. 1, 

Such process ox adding* new systems of 70 
elemen-f^ may be continued indeflnitely. 
The relative aanpHtudes of the signal 
transmitted by ue various elements _ i& 
given by ihe co-efficients oi ihe bmoinial 
expansion of (a + 5)*"* Thus,, a lour 75 
element system is represented by the series 
of nnmb^ 1 — 3—^3 — ^1. A five dement 
system by the series 1 — 1 6 — 4 — ^1. A six 
element systeah by the &erie& 1 — 5 — ^10 — 
10 — 5. — ^1 and so on. Theory shews thai 8Q 
■with each added hole, the directivity is 
imjirvrved by aj^prosimately 34 d.b. for 
a frequency deviation of 6/I€ of a per 
cent, from the frequency of perfect 
operation. • ^ t{5 

A five hole system i& shown in Figure 
4. Hole 61 transmits a certain voltage 
to the auxiliary wave guide 66; Hole 62 
transxoits a voltage {our times as la^e' 
as hole 61 does. Hole 63 .transmits a 90 
voltage six times as large as hole 61 
does. Hole 64 transmits a voltage four* 
. times as large as hole 61^ and hole 65. 
traaismits a voltage equal to the voltage 
transmitted by hole 61 » .All of these 95 
holes are spaced a q^uarter of a wa^-ves 
length apart at the center frequency^ and 
at "tiiis frequency this syatem givea sub- 
etantially no wave in the wrong direc- 
tion whateoevea:. The more holes which 100 
such a system uses, the better will be the 
directivity -of the wares in the aiixiKary 
wave guide at frequencies differing 
slightly from the design center . fre- 
quency* !PracticaIly_, it turns out that 105 
Ave holes are as many as are needed in 
the present state of the art in view of 
the fact that it ia imx>ossibiLe under pre- 
sent anangements to perfectly match a 
load ffunh as 24 or 25 in JPigurc 1 to a 110 
wave guide such as auxiliary wave guide 
in Figure 22, to better than about 1% 
over a reasonably wide band of fre- 
quencies. 

Mismatch of these texminaiions canBes 115 
drffiiculties which cannot be over come by 
the method of coupling betwecflx the wave 
guides. Thus, in Figiire 1 a mismatch 
at termination 24 of 1% wiE reflect an 
amount of voltage of 1% of the incident 120 
volta^ iowardfi the termination 25. Moat 
of this will be {absorbed in termination- 
25, and consequenily termination 35 or 
the irtdicator attached to it wiH give '-a 
false ind!ioa.tLozi.~ showing' that appaxeintly 126 
there is a 1% xefl.ected wave in -uie piain 
wave guide, when actually there may be 
none. Thus before more than flye holes ■ 
can reasonably be used in the junction 
wall between the two wave guidesj im- 130 
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provements must be made in the method 
of tennmatmg a wave guide over a baud 
of frequencies. 

As will nov be clear, our inventioii 
& broadly compxiises two transmission, 
systemsj at least one of which, xsantaius a 
soTirce of signal, whidh ar^ coupled to- 
gether by a plurality of couplers andjfor 
a plurality of groups of couplers, with 

10 eacK coupler or groups of couplers spaced 
an odd aumber of quarter wave lengtha 
(measured in the transmi^ftiim fly^emB) 
apart, (preferably one quarter wave 
length)^ • a^nd with, the amount of coup- 

IS ling (measured in terms of voltage^ 
current, or field' streuffth, etc.) afforded 
by the succesaive couplera or groups of 
couplers being related by- the succ^sive 
eo-efELcients of the binomial expansion of 

20 (a^-by^^ where » is one lesa -Qiaji 
number of couplings or groups of coupling 
elements* 

By the use of couplers spajced a quarter 
wave length apart, induced energies in 
one direction are additive at the several 
couplers and induced eu^gies in the 
opposite direction balance ' out. It will 
now be apparent that such a result may 
also be secured by other means than 
30s pacing of the coupling points such as 
the use of retarding and delay networks. 

Thus the two transmiseion Bystem^ are 
coupled in such a manner mat over a 
broad band of frequencies near the 
36 design center . frequencyj the second) 
transmisaion system has set up in it from 
the first tranamisaion systextL, which con- 
tains the source of energy, two signals 
travelling in opposite dureotions^ away 
40 from the group of coupling elements or 
group or groups of coupling' elements, 
each of which induced signals has an 
amplitude proportional to the amplitude 
of the two signals travelling in the first 
45 transmissiDn system, 

The directivity of the system mny in 
some cases bo enhanced scmewhat by 
employing for each coupling eltmient that 
type of element which in itself gives a 
§0 Certain dixectiviiv. Sueh a conpling 
element is exemplified by a hole in the 
large dimension of a wave guide spaced 
somewhere between the center of the 
guide and the edge. 
55 Although this fcjyblem . has been d=es- 
cribed with respect to wave guides, it is 
perfectly possible to use exactly similar 
methods wth coaxial transmisaion lines or 
with two wire trantymifwion lines, or with 
60 artificial transmission lines eidployixig 



lumped constants- The coupling- units 
need not beioles; they may be any well 
known conpling clement snch as sma.ll 
coupling, loops or small antenna probes, 
or any resistive or reactive elements. The 05 
system will wack satisfactorily as long- as 
they are properly phased, and as long. -a a* 
the relationship between the strength of 
the voltages induced is maintained in 
accordance with the binomial theorem co- ^0 
ef&cient as e^rpjained above. 

Dfany variations and modifications, of 
the inventioii. within the scope thereof 
should now be obTio-oB to those skilled 
iu the art. 7& 

Hatii^g now paxtionlarly described and 
oscextziined* th© nature of our Baid inven- 
tion and in what manner the same ia -to 
1^ performed, we declare that what we 
claim is: — . 80 

1. All ultra-high frequenay electrical 
tronsmififiion eystem comprisinjg- a succes- 
sion of elemants spaced apart oil odd 
number of efEective quarter wave lengths 

of the signal frequency and coupling a 85 
first transmission system to a second 
transnusaion system, the magnitude in 
terms of field strength of tho coupling 
afforded by the successive coupling 
elements beij^ r^ted . as the successive 90 
co-emcients ox the expansion of (ai+b)^ 
wherem n is one les^ than the nnmher 
of coupling elements. 

2. A syBtem wording to claim 1 
wherein the first transmisBion system is. 95 
a main wave guide^ the second trans- 
nuasion aystem is an adjacent auxiliary 
'^vave guide, and the couplixkg elements 
are arranged ijo conduct energy through 
adjacent boundaries of said wave guides 100 
at points spaced tiierecdong. 

S. A sv^em aeoording- to daim 2 
wherein the coupling elenients oompriso 
holes having- progxeaBively varying area$ 
such that the magaiitnde of couplLng 105 
afforded by- the successive holes vanes in 
accordance with the relation of the co- 
efficients of the biuondal expansion set 
forth in daim^l. -*r 

4- An electncal system ^bstautiallyllQ 
as hereinbefore described with reference 
to the accompanying drawings^ 

Dated the 3rd day of Api§l ' 194:6* 
ForT PHIDCO COBPCKBATIOIT. 
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